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We study the dynamics of a homogeneous and isotropic Friedmann-Robertson-Walker universe in
the context of the Eddington-inspired Born-Infeld theory of gravity. We generalize earlier results,
obtained in the context of a radiation dominated universe, to account for the evolution of a universe
permeated by a perfect fluid with an arbitrary equation of state parameter w. We show that a
bounce may occur for κ > 0, if w is time-dependent, and we demonstrate that it is free from tensor
singularities. We argue that Eddington-inspired Born-Infeld cosmologies may be a viable alternative
to the inflationary paradigm as a solution to fundamental problems of the standard cosmological
model.
I. INTRODUCTION
A new Eddington-inspired Born-Infeld (EiBI) theory of
gravity [1] has recently been proposed by Banados and
Ferreira in [2] (see also [3–18] for other relevant stud-
ies of Born-Infeld type gravitational models and [19] for
a recent review on alternative theories of gravity). This
theory is equivalent to Einstein’s general relativity in vac-
uum but it leads to several attractive new features in the
presence of matter. In particular, it has been shown that
homogeneous and isotropic EiBI cosmologies may be sin-
gularity free and that non-singular compact stars may
form even in the absence of pressure support (see [20–22]
for recent astrophysical and cosmological constraints).
The evolution of transverse, traceless (tensor) pertur-
bations in the Eddington regime of a radiation domi-
nated cosmology has been studied in [23] and it has been
shown that a linear instability develops as the universe
approaches its maximum density. In [24] a 5-dimensional
brane model has been considered as a possible solution to
the stability of gravitational perturbations. In this paper
we investigate the cosmological implications of the EiBI
theory of gravity showing that there is a natural solution
to the instability problem even in the absence of extra
space-time dimensions.
In Sec. II we investigate the dynamics of a universe
permeated by a perfect fluid with an arbitrary constant
equation of state (EoS) parameter w, generalizing previ-
ous results obtained for w = 1/3. We solve the equation
for the evolution of tensor perturbations, showing that,
independently of the value of w, there is an instability
for both positive and negative κ. In Sec. III we consider
a massive scalar field with a time-dependent EoS param-
eter and we show that a non-singular bounce may occur
for κ > 0. We further argue that EiBI cosmologies pro-
vide an interesting alternative to inflation as a solution to
some of the most fundamental problems of the standard
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cosmological model. We conclude in Sec. IV.
Throughout this paper we shall use fundamental units
with c = 8piG = |κ| = 1 and a metric signature
(−,+,+,+). The Einstein summation convention will be
used when a greek or latin index variable appears twice
in a single term. Greek and latin indices take the values
0, ..., 3 and 1, ..., 3, respectively.
II. EIBI COSMOLOGY (CONSTANT EOS
PARAMETER)
The action for the Eddington inspired Born-Infeld the-
ory of gravity is given by
S =
2
κ
∫
d4x
[√
|gµν + κRµν | − λ
√
|g|
]
+ SM , (1)
where gµν are the components of the metric, g is the de-
terminant of gµν , Rµν is the symmetric Ricci tensor build
from the connection Γαβγ and SM is the action associated
with the matter fields. In the Palatini formulation Γαβγ
and gµν are treated as independent fields.
Varying the action with respect to the connection leads
to the following equation of motion
qµν = gµν + κRµν , (2)
where qµν is an auxiliary metric related to the original
connection by Γαβγ =
1
2q
αζ(qζβ,γ+qζγ,β−qβγ,ζ) (a comma
represents a partial derivative). Varying the action with
respect to the metric one obtains the other equation of
motion √
|q|qµν = λ
√
|g|gµν − κ
√
|g|Tµν (3)
where qµν is the inverse of qµν . Without loss of generality
we set λ = 1 (this term can be included in the stress-
energy tensor) and we shall use fundamental units with
|κ| = 1.
In order to analyse the cosmological implications of
this theory we consider a flat homogeneous and isotropic
Friedmann-Robertson-Walker universe with line element
ds2 = gµνdx
µdxν = −a2dη2 + a2δijdxidxj , (4)
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2where η is the conformal time, xi are comoving spatial
coordinates (with i = 1, 2, 3) and δij is the Kronecker
delta. We further assume that the universe is permeated
with a perfect fluid with stress-energy tensor
Tµν =
1√|g| δSMδgµν = (p+ ρ)uµuν + pgµν . (5)
where uµ are the components of the 4-velocity, ρ is the
energy density and p is the pressure. The perfect fluid
satisfies the standard conservation equation
ρ˙ = −3H (1 + w) ρ , (6)
where w = p/ρ is the EoS parameter (we shall assume
that w > −1) and a dot represents a derivative with
respect to η.
Writing qµνdx
µdxν = −A2dη2 + B2δijdxidxj one ob-
tains, using Eq. (3), that
A2 = a2
D
1 + κρ
, (7)
B2 = a2
D
1− wκρ , (8)
where D = (1 + κρ)1/2(1− wκρ)3/2.
The Friedmann equation can be obtained from Eqs.
(2) and (3). It is given by
H2 = 8
3
a2
F1
F 22
, (9)
where the functions F1 and F2 are equal to
F1 = κ (1 + κρ) (1− κρw)2 ×
× (−2 + κρ(1 + 3w) + 2D) , (10)
F2 = 4 + κρ
(
1− 2w (2− κρ) + 3w2 (1 + 2κρ)) .(11)
For w = 1/3 one recovers the result found in [2].
At low densities one obtains
H2 = ρa
2
3
+
a2κρ2
8
(1 + w) (1− 3w) , (12)
up to second order in κρ.
According to Eq. (9), H = 0 when κ = −1 and ρ = 1.
Near this critical point one has
H2 = 8w
2a2
9 (1 + w)
(1− ρ) +O
(
(1− ρ)3/2
)
. (13)
If κ = −1 then Eqs. (6) and (13) imply that a bounce
occurs when ρ = 1, with 1−ρ ∝ η2 for ρ ∼ 1 (taking η = 0
at the bounce). Hence, in the absence of perturbations,
EiBI cosmologies are singularity free for κ < 0 and the
universe has no Big Bang.
On the other hand, if w˙ = 0, κ = 1 and w > 0 then
there is another critical point with H = 0 at ρ = w−1.
Expanding around this point, one obtains
H2 = 8a
2w2
27 (1 + w)
2
(
1
w
− ρ
)2
+O
((
1
w
− ρ
)3)
. (14)
If κ = 1 then Eqs. (6) and (14) imply that ρ → w−1
when η → −∞, with 1 − wρ ∝ exp (η) . Consequently,
if κ > 0 then the singularity may be avoided in the case
of a constant EoS parameter w > 0, with the universe
becoming static when η → −∞.
A. Tensor modes
Consider a perturbed homogeneous and isotropic flat
space time characterized by
gµνdx
µdxν = −a2dη2 + a2 (δij + hij) dxidxj , (15)
qµνdx
µdxν = −A2dη2 +B2 (δij + γij) dxidxj , (16)
where a, A and B are functions of the conformal time η
and hij is transverse and traceless (hii = 0 and h
ij
,i = 0).
In [23] it has been shown that γij = hij and that the
dynamics of hij is given by
h¨ij + F4h˙ij + F5k
2hij = 0 . (17)
where
F4 = 3
B˙
B
− A˙
A
= 2H+ κρ˙
1 + κρ
, (18)
F5 =
(
A
B
)2
=
1− wκρ
1 + κρ
, (19)
and k is a comoving wavenumber.
1. κ = −1
If κ = −1 then the universe has a bounce for ρ = 1.
Near the bounce, H → 0 and the infinite wavelength
(k = 0) limit of Eq. (17) can be written as
dh˙ij
dρ
− h˙ij
1− ρ = 0 , (20)
which implies that h˙ij ∝ (1−ρ)−1. Dividing Eq. (20) by
ρ˙ one finds, using Eqs. (13) and (18), that
hij ∝ (1− ρ)−1/2 + C1 , (21)
where C1 is a real constant. This signals the presence of
a singularity at the bounce for any value of w if κ = −1.
We shall see that this singularity cannot be avoided by
considering w˙ 6= 0, as long as w is well behaved at the
bounce.
2. κ = 1
If κ = 1 then, for w > 0, ρ → w−1 when η → −∞
(for w ≤ 0 the singularity is not avoided even in the
absence of cosmological perturbations). Hence, both F4
and F5 tend to zero as η → −∞. In that limit Eq. (17)
reduces to h¨ij = 0, whose solution is hij ∝ C2η+C3 (C2
and C3 are real constants), signaling the presence of an
instability in the infinite past [23].
3III. EIBI COSMOLOGY (VARIABLE EOS
PARAMETER)
In the previous section we generalized, for an arbitrary
constant value of w > −1, the results presented in [2, 23]
which were obtained considering w = 1/3. In this sec-
tion we further generalize our analysis to include models
where w˙ 6= 0. A time dependent w is expected, for ex-
ample, if the energy density of the universe is dominated
by a dynamical scalar field, in particular in the transition
between different cosmological epochs [25]. If w˙ 6= 0 then
Eq. (9) is modified to
H2 =
(
a
√
F 1 + F3w˙
F2
)2
, (22)
where
F3 = −3ρ (1 + κρ) . (23)
If κ = −1 and ρ = 1 then both F1 and F3 vanish, which
implies that H = 0 for ρ = 1, even for w˙ 6= 0. On the
other hand, if κ = −1 then the term F3w˙ becomes neg-
ligible compared to a
√
F 1 in the ρ → 1 limit, assuming
that w˙ is finite near the bounce at ρ = 1. Consequently,
the tensor instability, previously found for a constant w
assuming κ = −1, cannot be avoided even for a time-
dependent w. In the remainder of this paper we shall
focus on the more interesting κ = 1 case. For the sake
of completeness it is important to mention that if w˙ 6= 0
then Eq. (12) should be modified to
H2 = ρa
2
3
− aw˙κρ
3/2
2
√
3
+
+
a2κρ2
16
(
2 (1 + w) (1− 3w) + κw˙
2
a2
)
, (24)
while Eq. (13) remains valid.
A. Scalar field
Let us assume that the matter fields can be described
by a real scalar field with action
SM =
∫
d4x
√
|g| L , (25)
where
L = L(φ,X) , (26)
X = −1
2
φ,µφ,µ . (27)
For time-like φ,µ, the energy-momentum tensor associ-
ated with a scalar field φ may be written in a perfect
fluid form by means of the following identifications
uµ =
φ,µ√
2X
, ρ = 2XL,X − L , p = L , (28)
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FIG. 1: Evolution of a as a function of the physical time t
near the bounce.
so that the EoS parameter is given by
w =
L
2XL,X − L . (29)
In this paper we shall consider a standard scalar field
with lagrangian given by
L = X − V (φ) , (30)
where V is the scalar field potential. The value of w is
given by
w =
X − V
X + V
, (31)
where X = a2φ˙2/2. Here, we shall consider a massive
scalar field with V (φ) = m2φ2/2 so that w may vary
continuously between −1 and 1.
B. Bounce with κ = 1
If κ = 1 and w˙ 6= 0 then the condition H = 0 is no
longer verified for ρ = w−1. Instead, depending on the
value of w˙, this critical point might occur for different
values of w. Unlike the constant w > 0 case, where
ρ→ w−1 as η → −∞ (with H˙ → 0 as H → 0), if w˙ 6= 0,
in general, H˙ 6= 0 when H = 0. This implies that a
bounce may occur. Here, we present a simple example
with a real scalar field considering initial conditions with
ρi = 10
−4 and wi = 0. Fig. 1 shows the evolution of a as
a function of the physical time t =
∫ a
1
H(a′)−1da′ near
the bounce for m = 100 (the scale factor is normalized
to unity at the bounce). The presence of a bounce in the
4κ = 1 case removes the tensor instability since F4 ∼ 0
near the bounce while for ρ 1 the dynamics of hij be-
comes identical to the one obtained in Einstein’s General
Relativity (with F4 = 2H and F5 = 1).
C. An alternative to Inflation
Bouncing EiBI cosmologies may be an interesting alter-
native to inflation (see [26, 27] for recent reviews of cos-
mic inflation) as a solution to fundamental problems of
the standard cosmological model. The singularity prob-
lem may be solved in this class of models since there is no
big bang singularity if κ = 1. If the contracting period is
sufficiently long then the age of the universe as well as its
particle horizon can be arbitrarily large and consequently
there is no horizon problem. Given that the universe can
be arbitrarily large at early times, the size age and en-
tropy problems do not arise. The curvature problem is
significantly alleviated since the universe approaches the
critical density in the contracting phase. The monopole
problem can also be solved if the bounce occurs at an
energy scale considerably smaller than the Grand Unifi-
cation Scale. In that case the Planck era is also avoided.
In addition, a nearly scale invariant spectrum of density
fluctuations may also be realized in the context of the
“matter bounce” scenario, leading to a scale-invariant
spectrum of perturbations generated in a matter dom-
inated collapsing phase [28, 29] (see also [30, 31] for a
detailed discussion of bouncing cosmologies).
IV. CONCLUSIONS
In this paper we generalized earlier results for the dy-
namics of EiBI cosmologies to accommodate an arbitrary
constant EoS parameter w. In the absence of fluctua-
tions, we have shown that the singularity problem can
be avoided if κ < 0 or if κ > 0 and w > 0. However,
we have demonstrated that the inclusion of linear ten-
sor perturbations leads to an instability which cannot be
lifted for κ < 0, even if w˙ 6= 0. Still, we have shown that
a time-dependent w can naturally lead to a bounce which
is free from cosmological singularities if κ > 0. We have
argued that several of the fundamental problems of the
standard cosmological model can be solved in the con-
text of Eddington-inspired Born-Infeld gravity even in
the absence of an inflationary era in the early universe.
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